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SECTION  I 
INTRODUCTION 


1 . GENERAL 

This  technical  report  describes  a digital  computer  analysis  program 
which  will  calculate  the  electrical  transmission  and  reflection  proper- 
ties of  a multiwall  radome.  The  radome  program  may  be  used  with  a 
suitable  antenna  program  to  estimate  the  effects  of  the  radome  on  the 
antenna  pattern. 

The  analysis  program  is  comprised  of  two  programs,  a radome-geome- 
try  program,  RADOME,  and  a flat-panel  analysis,  program,  WAVES 2.  'The 
radome-geometry  program  calculates  the  incidence  angle  for  each  ray  (a 
ray  represents  the  radiated  RF  power  from  each  antenna  element1)  at  the 
radome  wall.  The  output  from  the  geometry  program  serves  as  an  input  to 
the  flat-panel  program.  The  flat-panel  program,  WAVES2,  calculates  the 
electrical  transmission  and  reflection  parameters  of  the  radome  for  each 
ray,  using  the  input  from  RADOME.  These  parameters  may  then  be  used 
with  a suitable  free-space  antenna  pattern  simulation  program,  and  the 
resultant  antenna  pattern  in  the  presence  of  the  radome  can  then  be 
computed. 

This  technical  report  documents  the  radome-geometry  program, 

RADOME,  and  the  necessary  modifications  to  the  flat-panel  program, 
WAVES2.  A complete  description  of  the  flat-panel  program  may  be  found 
in  AFAL-TR-67-191 . 
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2.  DEFINITION  OF  THE  PROBLEM 

the  specific  problem  which  generated  the  radome  analysis  program 
involved  position  fixing  accuracy  using,  an  aircraft  forward-looking 
'multimode  radar.  For  example  * a position  fix  is  to  be  made  of  a ground 
target-  at  location  "A"  (Figure  1).  The  antenna  electrical  boresight  is 
steered  to  the  estimated  azimuth,  6 . and  elevation,  0.  of  the  target. 
Then  by  using  the  antenna's  monopulse  patterns,  an  accurate  measurement 
of  the  target's  location  relative  to  the  antenna  electrical  boresight 
may  be  determined.  However,  due  to  the  distortion  of  the  antenna's 
free-space  pattern  in  the  presence  of  the  radome,  an  error  exists  in 
determining  the  azimuth  and  elevation  location  of  the  target  relative  to 
the  steered  direction  of  the  antenna  electrical  boresight.  Therefore, 
to  minimize  the  measurement  inaccuracies  it  is  desirable  to  estimate  the 
antenna  pattern  in  the  presence  of  the  radome  and  use  this  information 
to  correct  the  measurement  of  target  location. 

A table  of  correction  terms  may  be  generated  by  using  the  radome 
analysis  program  and  a suitable  antenna  pattern  simulation  program.  A 
set  of  azimuth  and  elevation  scan  angles  can  be  used  as  inputs  to  the 
geometry  program,  RADOME,  to  generate  the  incidence  angles  for  the  ray 
from  each  element  in  the  antenna,  array  and  the  information  stored  on 
magnetic  tape.  The  magnetic  tape  storage  is  required  because  of  the 
large  number  of  rays  involved  and  the  computation  time  required.  The 
incidence  angle  information  from  RADOME  on  the  magnetic  tape  is  then 
input  to  the  flat-panel  program,  WAVES2.  In  the  WAVES2  program  the 
transmission  and  reflection  parameters  are  calculated  for  each  element 
in  the  antenna  array  for  given  antenna  electrical  boresight  azimuth  and 
elevation  angles.  Transmission  and  reflection  parameters  calculated  by 
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the  WAVES2  program  can  then  serve  as  inputs  to  a suitable  antenna  pat- 
tern simulation  program,  and  a table  of  correction  terms  (i.e.,  bore- 
sight  shift)  can  be  generated  and  subsequently  used  to  correct  the 
measurement  of  the  target's  azimuth  and  elevation  location. 

3.  REPORT  ORGANIZATION 

This  technical  report  is  divided  into  eight  sections.  Section  two 
describes  items  included  in  the  documentation,  method  of  analysis, 
equations  involved,  geometry,  input  and  output  parameters.  Section 
three  gives  the  variables,  common,  labeled  common,  dimension,  and  data 
statements  for  the  main  program  and  all  subroutines.  Section  four 
outlines  the  input  deck  structure,  defines  the  required  data,  and  estab- 
lishes the  forma*  of  the  input  data  cards.  Section  five  presents  a 
sample  problem  with  a typical  set  of  data  describing  the  radome,  gives 
the  user's  output  requirements,  lists  the  printout,  and  describes  the 
data  stored  on  magnetic  tape  for  later  use.  Flowcharts  and  program 
listings  have  been  included.  Section  six  describes  the  Flat-Panel 
Program  and  Section  seven  offers  recommendations  for  best  utilization  of 
the  routine. 
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SECTION  II 


DEVELOPMENT  OF  THE  RADOME-GEOMETRY  PROGRAM  (RADOME) 


1 . METHOD 


The  RADOME  program  applies  the  techniques  of  ray  tracing  to  an  an- 


tenna array  and  a multiwall  radome,  and  calculates  the  incidence  angles 


of  antenna  radiation  at  the  radome  inner  surface.  The  incidence  angles 


are  needed  to  compute  reflection  and  transmission  parameters  which  were 


accomplished  by  program  WAVES2. 


2.  DERIVATION  OF  EQUATIONS 


The  rectangular  coordinates  of  the  point  of  interest  (a  point  at 


which  the  antenna  boresight  is  directed)  are  computed  from  the  given 


scan  angles  of  the  antenna's  electrical  boresight.  The  antenna  co- 


ordinate system  is  defined  by  a unit  vector,  ^ , normal  to  the  face  of 


the  antenna  array,  a unit  vector  which  is  parallel  to  the  face  of 


the  array  and  at  a right  angle  to  y^,  and  a unit  vector  z^,  parallel  to 


the  array  face  and  perpendicular  to  x,  and  z . The  aximuth  angle,  0,, 

a a a 


is  defined  in  the  plane  determined  by  x^  and  The  elevation  angle  0£ 
is  defined  in  a plane  perpendicular  to  the  one  formed  Joy  and  y^. 


The  location  of  the  antenna  array  elements  is  computed  in  antenna 


coordinates,  one  quadrant  of  the  array  at  a time.  The  central  elements 


of  the  array  are  spaced  one  quarter  of  a wavelength  from  the  phase 


center  of  the  array.  The  antenna  aperture  is  assumed  to  be  circular, 


with  the  elements  arranged  in  a rectangular  grid  out  to  the  aperture's 


edge.  The  maximum  number  of  rows  and  columns  is  specified  as  a user 


!£ 


I 
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Antenna  Electrical  Boreeight 


/ P. 


Antenna  Coordinate  Frame 


Antenna  Phase  Center 


Then, 


Figure  2.  Antenna  Scan  Angles 


xQf  = R cosde  sindQ 


yQt  = R co «0#  go%6q 
*ot  = R »in0§ 


input.  The  coordinates  of  those  elements  that  are  contained  within  a 
given  aperture  radius  are  stored  for  later  use  (Figure  3). 


The  antenna  coordinate  system  is  a rectangular  coordinate  system 
with  its  origin  at  the  antenna  phase  center.  In  antenna  coordinates  the 
location  of  the  (ij)-element  is  denoted  by  x^.y^jZ.^. 
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Aperture  Edge 


+ W/o  + 


hi 


D=Aperture  Diameter 


Array  Element 


* / 


Figure  3.  Array  Element  Geometry 


The  direction  cosines  of  a ray  from  array  element  (i,j)  to  the 
point  of  interest  are  determined  as  follows: 


On  * 


<*ar*«j> 


<*at-  V 


t*at“lij> 

yi‘  * -ssr 


R 
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where 

iRjjl  s [(xQf - Xjj)*  + (yat_yip*  + ^ zat  ~ zij 

and  i = row  number 

j = column  number 

if 

The  radome  is  a body  of  revolution  over  the  complete  window  area.  f 

The  radome  contour  is  generated  by  rotating  the  curve  (Figure  4),  repre- 
senting the  outside  mold  line,  about  the  YR  axis.  Coordinates  of  the 
radome  contour  y.  and  are  given  by  the  manufacturer  in  tabular  form. 

Data  cards  containing  the  y.  and  z.  coordinates  of  points  on  the  radome 

contour  are  used  as  inputs  to  the  computer  program.  Usually,  points  are 

spaced  more  closely  together  on  the  YR  axis  nearer  the  front  of  the  ; 

t 

radome.  The  radome  axis,  YR,  and  the  antenna  axis,  y^,  are  assumed  to  f 

f 

be  parallel.  (Due  to  program  storage  limitations  it  is  necessary  to 

1 

store  only  the  coordinates  of  the  radome  surface  that  will  encompass  the  j, 

projected  surface  area  of  the  antenna  aperture  in  the  given  scan  direc-  j 

tion.)  I 


Figure  4.  Radome  Outside  Mold  Line  Contour 
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The  angle  {a)  between  a ray  from  the  central  area  of  the  antenna 
aperture  and  the  YR  axis  is  used  to  determine  the  region  where  this  ray 
passes  through  the  radome's  surface  (Figure  5).  The  angle  (a")  is 
determined  from  the  following  equations. 


xat  “ xn 

(8) 

vat  - y«i 

(9) 

zat  ~ zn 

(10) 

x*+y# +.**]'/* 

(ID 

* c“"[i5rl 

(12) 

The  interval  AYRi  oh  the  YR  axis  is  obtained  by  subtracting  the  YR 
coordinate  of  the  ith  radome  contour  point  from  the  antenna's  phase 
center  location. 


AYR  «=  Yo-y|  (13) 


Beginning  with  the  first  point  of  the  radome  contour  near  the  tip, 
points  are  tried  until  the  quantity  Z = AYR.tan(a')  is  less  than  the  Z 
coordinate  of  the  ith  radome  contour  point.  Once  this  point  is  deter- 
mined, i.e.,  (Z.j  - Z)  > 0,  the  sixty  radome  contour  points  that  are 
symmetric  about  this  central  point  are  determined  and  used  to  encompass 
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Figure  5.  Radorne  Area  Illuminated  by  the  Antenna 


the  projected  area  of  the  antenna  aperture.  The  value  of  sixty  points 
was  chosen  from  empirical  results.  If  the  points  are  too  close  to  the 
tip  of  the  radome,  then  we  choose  sixty  points  beginning  with  the  point 
closest  to  the  radome  tip  as  we  progress  toward  the  rear  of  the  radome. 
Similarly,  if  the  points  are  too  close  to  the  rear,  then  sixty  points 
are  used  beginning  with  the  last  point  and  working  forward. 

The  surface  region  of  the  radome  encompassing  the  projected  area  of 
the  antenna  aperture  in  a given  scan  direction  is  determined  through  the 
use  of  the  following  equations  (Figure  6). 

6*8 1 + Ld  (14) 

where  0j.  is  the  initial  rotation  angle  about  the  YR  axis,  and 
A0  is  the  incremental  change  in  the  rotation  angle 
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Figure  6.  Radome  Station  Coordinates 


The  program  allows  ninety  values  of  (e).  The  incremental  change 
(A6)  is  a user-supplied  input,  and  a suggested  value  based  on  empirical 
results  is  two  degrees.  The  initial  value  of  the  rotation  angle  (6j), 
also  supplied  by  the  user,  is  chosen  on  the  basis  of  (A0)  and  by  program 
results  so  that  the  determined  region  of  the  radome  encompasses  the  pro- 
jected antenna  aperture  area. 

Thus,  provision  is  made  for  as  many  as  sixty  radome  surface  ele- 
ments (radially)  and  by  ninety  surface  elements  (rotationally),  or  5400 
possible  surface  elements  defining  the  projected  aperture  area  of  the 
antenna  on  the  radome's  surface.  In  general,  the  projected  antenna 
aperture  will  occupy  less  than  this  number  of  radome  surface  elements. 
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The  required  surface  region  of  the  radome 
lowing  equations: 

is  determined  by  the  fol 

X(#t  j ) = zj  tin  # 

(15) 

Y(#,i)  * yj 

(16) 

Z(#,j)  s Zj  cot  9 

07) 

where 


yj , zj  are  the  coordinates  of  the  jth 

point  on  the  radome  contour 


The  antenna  coordinates  of  the  region  of  interest  are  determined  as 
follows: 


* “ (X(#, j ) -x0 ) 

(16) 

* y0“Y(#,n 

(19) 

Z#j  « Z(#,j)-Z0 

(20) 

where 


*0,y0,z0  are  the  radome  coordinates  of 
the  antenna  phase  center 


1.1 


iy> 
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The  direction  cosines  of  the  illuminated  area  of  the  racjome  rela- 
tive to  the  antenna  phase  center  are: 


_ x0j 
TMAG^j 

(21) 

a.JSl. 

TMAG0. 

(22) 

Z^i 

yl  TMAOgj 

(23) 

TMASg,.  [ X$,  + Yjj  + Zjj17* 

(24) 

The  antenna  elements  to  the  illuminated  area  direction-cosines  are: 

AXr 


flm.B  * 


'm,n 


m»n  Id  i 


(25) 


£m,n 


AVm,n 

^m,nl 


(26) 


where 


V S 

AZm>n 

(27) 

' mfn 

^m,n^ 

1 ~ xm,n 

(28) 

AYm,n 

* Yfij  “ *m,n 

(29) 
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AZm,n  * Z^j-Zm>n  (30) 

Rm,n  l*[  AX*,n  + AY*m,n  + AZ,m,„],/*  (31) 

are  the  antenna  coordinates 
of  a subelement  of  the  il- 
luminated area 

are  the  antenna  coordinates 
of  each  element  in  the  an- 
tenna array 

are  the  row  and  column  number 
of  the  antenna  elements 

The  next  step  is  to  find  the  radome  subelement  intersected  by  a ray  in 
the  boresight  direction  from  each  antenna  element.  For  each  element  in 
the  antenna  array,  a search  of  the  illuminated  area  of  the  radome  sur- 
face is  made,  beginning  with  the  first  radome  station.  The  direction 
cosines  from  the  element  to  the  radome  surface  are  compared  to  those  of 
the  central  ray.  If  the  direction  cosines  are  within  a given  tolerance, 
i.e.,  the  two  rays  are  pointing  in  approximately  the  same  direction, 
then  this  point  on  the  radome  surface  is  used  to  indicate  where  the  ray 
passes  through  the  radome,  The  direction  cosine  for  the  angle  between 
the  ray  from  the  element  to  the  surface  and  the  central  ray  is 

DC*  aajj+^Sjj  + yyjj  (32) 


for  which 


Xflj  >z0j 


Xm,n  »Yfntn , 


and 


m,n 
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where  a,B,Y  ? direction  cosines  for  the  central  ray,  and 

°ij»£ij*ru  = direction  cosines  of  the  fay  from  the  element 
to  the  window  area. 

The  ray  is  parallel  to  the  antenna  electrical  boresight  when  "PC"  is 
equal  to  one.  The  tolerance  is  set  to  slightly  less  than  one.  And,  the 
coordinate  of  the  radome  surface  that  is  used  is  the  point  where  "DC"  is 
greater  than  the  given  tolerance. 

Next,  the  normal  to  the  surface  of  the  illuminated  area  is  deter- 
mined for  each  coordinate  where  a ray  intersects  the  radome  surface.  A 
least  squares  curve  fitting  routine  (CURFIT)  is  used  to  fit  the  radome 
outside  mold  contour  data  to  a sixth  degree  polynomial  in  radome  co- 
ordinates (Figure  2).  A transformation  is  then  made  to  antenna  coordi- 
nates, so  that 

f (y ) = Bn  + 8,  y + Bty*  + Bs  y 8 + B4  y4  + Be  y®  + Bey  * (33) 

An  equation  in  x,y,z  can  be  found  for  the  surface  of  the  illumi- 
nated area  of  the  radome,  when  given  that  the  radome  is  a body  of  revo- 
lution (Figure  7).  Thus, 


R * f(y) 

(34) 

x*  + I2  * R* 

(35) 

x*  + x*  * f *(y) 

(36) 

xf  + z*  - f*  (y)  = 0 

(37) 

F = x*  + **-  f*(y) 

(38) 

14 
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To  obtain  the  unit  normal,  first  define 


N * = 1/2  N * x i + z k - f (y)  -HM  j (41) 

- - ~ - dy  - 

I N*l  * {x*+  **+  [,(»)  (42) 

Then  the  unit  normal,  in  radome  coordinates,  is  stated  by 

-R  * iik  = 0iR+ei" + rt*  (43) 


In  antenna  coordinates,  the  unit  normal  is 

t 

- A ~ aiA  “ ^2  A + X JHC  A (44) 


The  incidence  angle  of  the  ray  from  each  element  to  the  radome  sur- 
face is  determined  by  taking  the  dot  product  of  the  unit  vector  from  the 
array  element  to  the  surface,  and  the  normal  to  the  surface  at  the  point 
of  intersection.  Thus, 


(45) 


* II)  ’HA 
0ij  * cot'1  {xjj) 


(46) 
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where  r. . is  the  unit  vector  of  the  ray  from  the  i,  j,  element  to 
J the  intersection  point  on  the  surface 

n^  is  the  unit  normal  curve  at  the  point  of  intersection 

a 

and  6..  is  the  incidence  angle  for  the  ray  from  an  array  element. 

* u 

The  sequence  of  events  we  have  described  in  this  section  is  pro- 
grammed in  RADOME.  The  end  product  is  the  incidence  angle  of  each  ray 
at  the  radome  surface.  This  is  used  in  program  WAVES2  to  calculate 
reflection  and  transmission  properties  of  the  radome  for  each  ray. 

3.  INPUT 

Program  I/O  (Input/Output)  is  described  in  Section  III  and  examples 
are  given  in  Section  V.  Briefly,  the  input  consists  of  the  following 
items: 

a.  Number  of  radome  stations 

b.  Initial  rotation  angle,  incremental  angle,  and  total  number  of 
angles 

c.  Antenna  elevation  and  azimuth  scan  angles 

d.  Antenna  phase  center  location  in  radome  coordinates 

e.  Number  of  computer  runs  to  be  made 

f.  Wavelength 

g.  Aperture  radius 

h.  Maximum  number  of  rows  and  columns  in  the  antenna  array 

i.  Radome  outside  mold  station  coordinates 


17 


AFAL-TR-75-1 S3 


4.  OUTPUT 

Program  output  is  in  the  form  of  a tabular  printout: 

/ 

a.  Row  and  column  number  for  each  array  element  whose  ray  passes 
through  the  radome  wall 

b.  Incidence  angle  for  each  ray 

c.  Number  of  rays  passing  through  the  radome  wall 

d.  Elevation  and  azimuth  scan  angles 

e.  Number  of  radome  stations 

f.  Initial  rotation  angle,  incremental  angle,  and  number  of 
angles 

g.  Antenna  phase  center  location  in  radome  coordinates 
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SECTION  III 

GENERAL  ANALYSIS  PROGRAM  DESCRIPTION  ' 

1 .  THE  MAIN  PROGRAM 

The  analysis  program  is  written  in  FORTRAN  IV  for  a CDC  6600 
CYBER  74,  operating  under  SCOPE  3.4.1.  The  main  program  is  primarily  an 
executive  routine  which  calls  a series  of  subroutines.  The  subroutines 
are  organized  into  the  following  functional  groups: 

1.  Antenna  element  location,  ARRAY 

2.  Element  to  point  of  interest  direction  cosines,  DIRET 

3.  Window  area  surface  coordinates,  SFILE 

4.  Illuminated  radome  stations,  START 

! 

5.  Element  to  radome  direction  cosines,  DIRER  ‘ | 

6.  Normal  to  window  area,  NORM  ; 

7.  Incidence  angles,  INCID  > 

i 

K 

The  Main  Program,  PROGRAM  RADOME  (INPUT, OUTPUT, TAPE5=INPUT,TAPE6= 

OUTPUT, TAPE7),  is  a routine  which  reads  the  following  input  variables:  ; 

1 

NSEC,  number  of  radome  stations 
ANGI,  initial  rotation  angle 
AI1GD,  incremental  rotation  angle 
NANG,  number  of  angular  positions 
THEL,  elevation  scan  angle 
THAZ,  aximuth  scan  angle 

COMMON  FILE  (60,90,3),  NSEC, ANGI ,ANGD, HANG, AX, AY, AZ 
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COMMON/ BLK1 /TGTX ,TGTY ,TGTZ 
C0MM0N/BLK3/ABGET(45,45,3) 

C0MM0N/BLK20/SW2 

AX,AY,AZ  antenna  phase  center  location  in  radome  coordinates 


2.  SUBROUTINES 
a.  ARRAY 

C0MM0N/BLK2/EFiLE(45,45,3),NUMM,NUMN 

COMMON/ BLK1 2/RMAX 

C0MM0N/BLK1 3/ IMAX , JMAX 

C0MM0N/BLK20/SW2 

DATA  XLAMDA/1 .2/ 

DATA  RR/18.0/ 


NUMM,NUMN  - maximum  allowable  number  of  rows  and  columns  in 
the  antenna  array 

RMAX  - radius  of  antenna  aperture 

IMAX, JMAX  - actual  number  of  rows  and  columns  in  the  antenna 
array 

XLAMDA  - wavelength  (inches) 

RR  - aperture  radius  (inches) 

EFILE  - file  of  element  locations 


b.  DIRET 

C0MM0N/BLK1/TGTX.TGTY ,TGTZ 
C0MM0N/BLK2/EFILE (45,45,3) ,HUMM,NUMN 
C0MM0N/BLK3/ABGET(45 ,45,3) 
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C0MM0N/BLK1  2/RMAX 
COMMON/BLK1  3/  IMAX , JMAX 


TGTX,TGTY,TGTZ  - antenna  coordinates  of  point  of  interest 
iiUMM,NUMN  - maximum  allowable  number  of  rows  and  columns 
in  the  array 

ABGET  - file  of  array  element  to  point  of  interest 

direction  cosines 

RMAX  - maximum  radius  of  antenna  aperture 

IMAX, JMAX  - maximum  number  of  rows  and  columns  in  the 

array 


c.  SFILE 

COMMON  FILE  (60,90,3) , NSEC, ANGI ,ANGD,NANG,AX,AY,AZ 
C0MM0N/BLK4/XY (200) , XZ(200) 

C0MM0N/BLK5/NSTART.NFIN 

C0MM0N/BLK20/SW2 

DIMENSION  FX(90) ,FY(90) ,FZ(90) 


FILE 

NSEC 

ANGI 

ANGD 

NANG 

AX.AY.AZ 

XY,XZ 


file  of  antenna  coordinates  of  window  area 
number  of  radome  stations 
initial  rotation  angle 
rotation  angle  increment 
number  of  incremental  angles 
radome  coordinates  of  antenna  phase  center 
files  of  radome  stations,  Y and  Z co- 
ordinates 
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NSJART.NFIN  - beginning  and  ending  window  area  radome 

station  numbers  f 

SW2  - switch  set  false  after  first  run 

FX,FY,FZ  - radome  coordinates  of  window  area  / 

d.  START 

COMMON  FILE  (60,90,3), NSEC , ANGI , ANGD , NANG , AX , AY ,AZ 
COMMON/ BL  K2/ EF I LE ( 45 , 45 , 3 ) , NUMM , NUMN 
C0MM0N/BLK3/ABGET(45,45,3) 

C0MM0N/BLK4/XY(200) ,XZ(200) 

C0MM0N/BLK5/NSTART,NFIN 


FILE 

- 

defined 

in 

SFILE 

NSEC 

- 

II 

ANGI 

- 

II 

ANGD 

- 

II 

NANG 

- 

II 

AX,AY,AZ 

- 

II 

XY,XZ 

- 

II 

EFILE 

- 

defined 

in 

ARRAY 

NUMM, NUMN 

- 

II 

ABGET 

- 

defined 

in 

DIRET 

NSTART,NFIN 

- 

defined 

in 

START 

e.  DIRER 

COMMON  FILE  (60,90,3) , NSEC, ANGI , ANGD, NANG, AX, AY, AZ 
C0MM0N/BLK2/EFILE (45 ,45 ,3) , NUMM, NUMN 
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C0MM0N/BLK3/ ABGET ( 45 , 45 • 3 ) 
C0MM0N/BLK5/NSTART.NFIN 
C0MM0N/BLK6/IFILE(45,45),JFILE(-45.,45) 
COMMON/ BLK8/ FI LEE (45, 45, 3) 

COMMON/BLK1 2/ RMAX 
COMMON/BLK1 3/ IMAX , JMAX 
DATA  TOL/. 99939/ 


FILE 

EFILE 

NUMM.NUMN 

ABGET 

NSTART 

NFIN 

IFILE 

JFILE 

FILEE 

RMAX 

IMAX 

JMAX 

TOL 


defined  in  SFILE 
defined  in  ARRAY 
defined  in  ARRAY 
defined  in  DIRET 
defined  in  START 
defined  in  START 

file  of  radome  stations  for  ray  inter- 
sections 

file  of  the  number  of  angular  increments 
for  a given  radome  station  ray  intersection 
file  of  direction  cosine,  for  each  ray 
defined  in  ARRAY 
defined  in  ARRAY 
defined  in  ARRAY 

if  the  direction  cosine  of  the  difference 
in  the  direction  of  the  point  of  interest 
and  a particular  coordinate  of  the  window 
area  is  greater  than  TOL  then  this  co- 
ordinate is  used  to  obtain  the  point  where 
the  ray  passes  through  the  radome  surface 


COMMON  FILE  (60,90,3)  ,NSEC , ANGI ,ANGD , NANG ,AX,AY',AZ 
COMMON/ BLK2/ EF I LE ( 45 ,45 , 3 ) , NUMM ,NUMN 
C0MM0N/BLK5/NSTART,NFIN 
C0MM0N/BLK6/IFILE(45,45) ,JFILE(45,45) 

C0MM0N/BLK1 3/IMAX, JMAX 
DIMENSION  FILEEN(45,45,3) 

EQUIVALENCE  ( EFILE , FILEN ) 

C0MM0N/BLK1 O/LT 
DATA  BN/  / 

DATA  Bl/  / 


DATA  B6/  / 


FILE 

NSEC 

ANGI 

ANGD 

NANG 

AX 

AY 

AZ 

NUMM 

NUMN 

NSTART 


defined  in  SFILE 


II 


defined  in  ARRAY 

II 

defined  in  START 
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NFIN  - defined  in  START 
IFILE  - defined  in  DIRER 
JFILE 


g.  INCID 

C0MM0N/BLK2/EFILE(45,45,3) ,NUMM,NUMN 
COMMON/BLK4/XY (200) ,XZ(200) 

DIMENSION  FILEN(45,45,3) 

EQUIVALENCE (EFILE, FI LEN) 

COMMON/BLK8/FILEE(45,45,3) 

COMMON/BLK9/XINCID(45,45) 

C0MM0N/BLK1 O/LT 
C0MM0N/BLK1 3/ IMAX , JMAX 


EFILE, NUMM,NUMN 
XY,XZ 

IFILE, JFILE 

FINEN 

EFILE 

FILEE 

XINCID 

LT 

IMAX, JMAX 

IMAX 

JMAX 


defined  in  ARRAY 
defined  in  SFILE 
defined  in  DIRER 
defined  in  NORM 
defined  in  ARRAY 
defined  in  DIRER 

file  of  incidence  angles  for  each  ray 

passing  through  the  radome  wall 

defined  in  NORM 

defined  in  ARRAY 

defined  in  ARRAY 

defined  in  ARRAY 
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1 ! 


FILEN 


file  of  normals  for  ray/radome  inter- 
section, for  those  rays  passing 
through  the  radome  wall  (in  antenna 
coordinates) 

used  to  test  the  value  of  IFILE  in 


DIRER 


EFILE 


defined  in  ARRAY 


coefficients  of  six-degree  polynomial  fit  of 
radome's  outside  mold  line  contour 


:*  i 
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SECTION  IV 
MAIN  PROGRAM  INPUT 


The  input  deck  structure  is  shown  in  Figure  8. 


( THEL.THAZ 


THEL.THAZ 


XZ 

( NUMMyNUMN 


( AX,AY,AZ 
( THEL.THAZ 


( ANGI  ,ANGD 

/ teic  mz  l H 


PROGRAM 

CONTROL 


Figure  8.  Input  Deck  Structure 


Data 

Definitions 

are  as  follows: 

VARIABLE 

- 

DESCRIPTION 

FORMAT 

NSEC 

- 

number  of  radome  stations 

215 

NANG 

- 

number  of  circumferential  radome 
divisions 

215 

ANGI 

- 

initial  rotation  angle  in  degrees 

2F10.5 

ANGD 

- 

angular  increment 

THEL 

- 

antenna  elevation  scan  angle  in  degrees  2F10.4 

THAZ 

- 

antenna  azimith  scan  angle  in  degrees 

AX,AY,AZ 

- 

radome  coordinates  of  antenna  phase 
center 

3F10.4 
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maximum  allowable  antenna  row  number  212 


XY,XZ 


maximum  allowable  antenna  column  number 
radome  contour  coordinates  in  radome 


coordinates 


2F10.4 
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USER'S  GUIDE 

1 . PROGRAM  CONTROL 

To  use  the  radome  analysis  program  for  a given  problem,  the  user 
must  set  up  the  input  deck  and  control  cards. 

A sample  problem  is  presented  in  this  section.  Also  shown  is  how 
specific  sections  of  that  problem  are  related  to  the  sample  input.  The 
printed  output  of  the  sample  program  is  included. 

The  following  control  card  deck  structure  is  presented  as  a guide 
to  the  user.  The  control  card  structure  is  applicable  to  CDC  6600 
CYBER  74  SCOPE  3.4.1. 

The  radome  program  has  been  previously  stored  on  a permanent  file. 
The  ATTACH  card  requests  the  program.  A LABEL  card  is  used  to  make 
available  a magnetic  tape  for  data  storage.  The  data  is  first  written 
onto  a permanent  file  that  has  been  requested  by  a REQUEST  card.  The 
source  decks  are  transferred  to  a program  library  by  the  UPDATE  card. 

The  program  is  then  compiled  (FTN),  loaded  (LGO),  and  finally  cataloged. 
The  cataloged  file  is  rewound  and  then  copied  to  magnetic  tape  (Fi- 
gure 9a). 

On  subsequent  runs  there  is  a difference  in  the  control  cards  to 
allow  extending  the  data  on  the  magnetic  tape.  The  radome  program  is 
attached  along  with  the  permanent  file  containing  the  old  data.  The 
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tape  label  is  read  and  the  program  transferred  to  the  library  file  by 
the  UPDATE  card.  The  first  set  of  information  on  the  permanent  file  is 
skipped,  the  program  compiled,  loaded,  and  executed.  The  data  on  the 
permanent  file  is  extended,  the  file  rewound}  and  then  the  entire  file 
copied  onto  magnetic  tape  (Figure  9b)-. 


/ 


Figure  9a.  First  Update  Deck 
in  Program  Control 


Figure  9b.  Second  Update  Deck 
in  Program  Control 
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2.  SAMPLE  PROBLEM 

A cut  is  to  be  made  in  the  azimuth  plane.  The  first  step  consists 
of  using  the  Main  Program  routine,  in  which  the  following  variable 
values  are  used: 

1.  Number  of  radome  stations  equals  117  (NSEC=117) 

2.  Initial  rotation  angle  equals  0.0  (ANGI=0.0): 

3.  Number  of  angular  intervals  about  radome  equals  90  (NANG=90) 

4.  Angular  interval  equals  -4.0  degrees  (ANGD=-4.0) 

The  number  of  computer  runs,  i.e.,  sets  of  azimuth  and  elevation 
scan  angles  has  been  set  at  3 (NRUN=3).  Elevation,  and  azimuth  scan 
angles  (THEL,THAZ)  are  inputs,  one  set  per  card,  three  cards  per  run. 

3;  SAMPLE  INPUT 

Proceeding  to  the  subroutines,  we  will  have  inputs  as  outlined  in 
the  following. 

a.  ARRAY 

Wavelength  of  interest  in  inches,  XLAMDA 
DATA  XLAMDA/ 1.2/ 

Maximum  aperture  radius  in  inches,  RR 
DATA  RR/18.0/ 


( 

-! 


i 


! 


\ 


j 

\ 


i 

I: 
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Maximum  allowable  number  of  rows  and  columns  in  the  array,  re- 
spectively (45,45) 


NUMM  = 45 
NUMN  = 45 


b. 


SFILE 

Coordinates  of  the  radome  contour  for  radome  station  1=1,  117 
XY(1)  = Yi 

xz(i)  = zi 


XY (117)  = Y117 
XZ(117)  = Z117 


c. 

Card  No. 
1 
2 

3 

4 


Data  Input  Format 


Variable(s) 
NSEC, NANG 
ANGI.ANGD 
THEL,THAZ 
AX,AY,AZ 


Format 

215 

2F10.5 

2F10.5 

3F10.4 
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5 

NUMM.NUMN 

212 

6-122 

XY ( I ) ,XZ( I ) 

2F10.4 

123 

THEL.THAZ 

2F10.5 

124 

THEL.THAZ 

2F10.5 

d.  The  steps  given  in  Section  V are  shown  as  flowcharts  in 
Figures  10,  11,  and  12.  Final  printout  from  our  example 
problem  follow  the  flowcharts. 
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SECTION  VI 

FLAT-PANEL  ANALYSIS  PROGRAM  (WAVES2) 

1 . ADAPTING  THE  RADOME  PROGRAM 

Thus  far,  the  radome  analysis  program  has  been  one  of  gfeometry, 
i.e.,  determining  the  incidence  angles  for  rays  passing  through  the 
radome  wall;  there  remains  the  task  of  determining  how  the  radome  wall 
modifies  the  electrical  parameters  of  each  ray.  To  accomplish  this, 
first,  a flat-panel  analysis  program  (Krueger,  AFAL-TR-67-191 , Sep  67) 
is  used  to  calculate  the  following: 

Power  reflection  coefficient 
Electrical  angle  after  reflection 
Insertion  loss 
Insertion  phase  delay 

Our  original  flat-panel  program  required  input  via  data  cards  containing 
incidence  angles  and  material  thickness.  But,  due  to  the  increasing 
number  of  rays  considered,  input  via  data  cards  became  prohibitive, 
and  modification  of  the  flat-panel  program  was  required.  The  program 
was  modified  to  read  the  required  input  data  from  magnetic  tape.  Such 
inputs  consisted  of  the  following: 

Coefficients  of  the  six-degree  polynomial  fit  of  the  radome 

The  radome 's  outside  mold  line  contour 

Maximum  number  of  row  and  column  elements  in  the  array 

Incidence  angles  and  their  total  number 

Radome  station  number  where  each  ray  passes  through 

Coordinate  of  radome  surface  where  each  ray  passes  through  the 

surface 

A printout  of  these  inputs  follows. 


49 


«£ . J.  0N3- 


i 

t- 


AFAL-T^-75-l83i 


Mj  < 

; ! 

I i ; * i 

! • 1 

i •! 

1 ! 1 » 
i 

1 i 

M j . 

: ‘ 

' ! 
! i 

i * i ■ 

1 1 ; ■ : 

1 : ! 

: ! : : 

i ; * 

i t 

. _ . _ J-U'»DKeo'cHW«^u\u>K  «e O'  e«4Nn^UN«»Kc  ! 

4)4  lAlAlAlAlAIAIAIAlA  I 

i 1 i ' . i : 1 I 1 i * ■ ! ! * 1 * ! I 

•‘  1 : ! , ■ I i ! i ! i ‘ ! ; • I • * I I 

l/KrtKW^^nWM(/)(flWWWWWWlAlrt^UiMM^WWlrtV)WMV>MlftWWWC^WWM(OVMflMMWWMMWMMWMMWM 
ft  a a.  a a.  p a a a a c a P a a c.  a o.  a a c e ft  ft  cl  aa  a ft  a a ft  a ft  c ftftftftftftft  ft  a ft  ft  ft  cl  e ft^ft  ft  ft  ft  ft  ft  ft 

ft  ft  ft  ft  a a a a a a ft  ft  ft  or  a:  ft  a:  a:  a a:  a:  ft  a*  a:  a a ft  ft  ft  ft  ft  Q:  ft  ft  a:  a or  ft  ft  ft  ft  ft  ft  ft  ft  ft  ft  ft  a:  ft  ft  ft  ft  ft  ft  ft  ft 

(/M/iwwin'/'iwwoowwwwwwcnwwwwwwwwwwwwwwwowwwwtAWwwwwwwwcnwwwwwwwwww 


ft 

,•  • 

ONN 

W X X • — . _ 

DOOM  UJ  X «J  • DO 

-*=>  I O O H X Jh  H 

W -J  Z'Z  O ft  WO 

Iichh  < x z c?  w 

z x z v-  « m a x z o 

* m m m *-  ur  o m <o 

H MM  • 0 0(0  * 

U.wrrHx  o how  ft«ift 

A H M M X O tZZOMW  MO 

zu.  j jyj  roMOftu)  w m 
_J  CA  XZOO  HZ  «,WWO 
v ► viyH  - wzuvrow< 

< 0.0  ft  ZHWUJUJOOftOU. 
W H Z ZC'OnUJUUJJM  * c ft  _ 

a* muzz  to  ft  * uj  i,z  «*  o z 
MClDOMMXXXHMHM  <t  o 
« eo  ohwowo  ••h 

hltwwxo  MO  U>  X & ft  H 

WOC'ftOO  m Ui  X 

U.U.ftWft>HO>«OOo5 

w a u:  m ft  m ft  m ft 

ZU.»ftft=>aOH(LMHHftHHH 
M ® ly  L C M M < M O < W ftftW 
Hrxaiuftft-jft^jWHOoz 
OOCOftHMUJHaUJOOXXO 
OZ-JOU.WW«WW*WOWWO 

® ' I j I 

W H ft  K U.  j ‘ j’  « 5 * » 

• WftTUJX  i Il^WWftWWU. 
r U-,U.  OOftpHOWHOOOO 

1 I i jj  i i 

ooopooooooooooo 


1 

a >• 

X 

4 >-  4 

ft 

u.  «r  ft 

UJ 

1 

O ft  ft 

H 

O ft  « 

* 

• j 

M H 4 ' 

AJ 

w a z m 

Z 

o u: 

ft  I 

1 

< Z-W  « z 

UJ 

ft  M UJ  Z O 

H 

< ft  o o 

* 

u:  w a o o 

M 

o a.  ox 

X 

» 

13  H >-  ± ►- 

ft 

! 

M ft  H ft 

UJ 

1 

ft  H ft  ft  O 

H 

; 

W ft  O 

* 

• i 

X 4 *X 

UJ 

in 

MO  X H 

ft 

j 

M -JH  M 
UJ  O'  4 M X 

-J 

* 

IN 

O' 

UJ 

MHZ* 

► 

a 

< O O W 

W 

w 

- 

a u>  o ft  ft 

ft 

ar 

h JOUJUJ 

* 

ft 

H 

W UJ  X >*  >* 

IA 

w 

Owi-44 

X ^ 

a 

m 

O O ft  -J  -1 

O o 

o 

w o 

w w 

o 

W J 

• UJ  o 

• w 

X 

O J o z J 

-»  z 

z 

U- 

H c Z o H 

X -J  o 

o 

a 

3 >•  W 

z 

U>  1 U.U.U. 

W 

Z3  X M M M 

o 

C OhN 

-J  H H II  H 


r * m 

U»  A 

ft 

H 

W , 

W 

' UJ 

O 

X 

00-4 

-J  X CD 

o 

O 

Oft 

UJ 

**  t 

X 

z 

W o U. 

UJ  H M 

X 

• 

Z UJ  < 

z 

X X 

ft 

AN  UI 

, O A AJ 

H 

m a 

e 

X 

HO 

- o 

i 

o 

M * ft 

aO 

X 

OX  ! 

w 

O 

* « 

z 

X o » 

X * O 

M 

1 

«r  o 1 

N 

M 

e ft 

M 

. 

X; 

O -J 

•COM 

O 

X 

a z > 

X 

IA  • O 

o 

M 

w u.  © 

wr  m 

z 

o 

w 

O 

H 

OK* 

< 

O 

► UJ  O' 

Hit  JL  O 

w 

w . 

: H 

AJ  K O 

a 

o 

M 

O ft  -» 

UJ  wo 

5 

• 

a > 

a 

O'  W • 

w 

4 

X 

• A ft 

. W'  A N .»  . 

a 

o 

MM  ■ 

O 

M 

u\ « n 

AJ 

U.  x w -J 

' XZ  aO 

w 

z 

ft  H ‘ 

o 

ft 

M>»* 

H 

• r 

a 1 

o X M U. 

AMO  • 

ft 

< 

H M 

H 

4*  O H 

O 

K 1 

ft 

»lk  AW 

‘ MX  tOA 

u. 

— W W » 

o — 

w 

M ♦ O 

— O 

W m 

o 

MAH* 

1 II  U.  Cl  • IA 

O IA  O' 

• U> 

• • • 

M - 

AJ  sD 

XX  a 

H M H O X 

• 

M X ft  . 

O AJ  X 

W o *- 

W X 

A W X 

a u.  ft  x 

. UJ  «-  U-  O N M 

o M r* 

• AJ  AJ 

• © ft  AJ  W 

IA  N 4* 

■ a O , Or>«  • Atfvo  • tifuioh  »400HU  oM  »NC  * * *40i 

ft  X 4 M M Z • IO*>*4AJO*»4  OOMNWI 

lO  UJ  r W II  O W M • w H AJ  fl  M H — ~ H 0 UV  • « II  O | 

O JKZMHO-Il  UUJ<a  O •U4I-OZU<OII<OU«OXU<0  <N40U10  • 

UJ  ft  UI  UJ  H M ^OftaHrHftHrWHHHZHMX«-'MZHOHftHM.*S  H (D|»J 
MZHftUlW  < ft  — M ft  —MftO  w M ft  MO*^Mft  w M ft  H 0*03  «J  ? 

ZO  »MW(LOUJOU.ftOOU.ftOZOb.ftOOQ.MU.ftOOU.ftOONI|  1110  1/104! 
HUnOZZQKUH  ft.V.  o H X U.  CHZU.0U.y)MZ|i.OH^|b0  004UWOU 


i ZMWWZWWU. 
IpMOUJIfOOOO 


Oft  u.  Mft.U.  OH  * U. 

I i • X 

M s s a 


U.  o M X u.  OIL  W M X u.  OH  ^ U. 

IA  O I UN  o j J <H  N (A  vO 

M N ] N . M . W WWW 

(a  N ’ M N 1 ‘ N.  MMM 


u.OMjru.ooo<owoo 

M N (A  O ; K I © 


, r MiMUtd*,  irA.  r 


AFAL-TR— 75-183 


! 1 


I - 


tro^w^4UMPKeo'oHfyr^if(ONe(roHM»>-jrir'tCS«ff'c^Nnj,i'»\0S0[reHNnju\tfscff'eTHNM4W 
* jreeoceeeiro'J’a'TfJ'O'C'tro'ocrcooccoei! 


J 


i 


I 


I 


acta  a.  a c a a a a a a c.  a -o  ac  aaaaaaaaaa  a -a  a a a a a a aa  a a a a o a a a a a a a. a a a a a a a a 

MMMH-I»-iH'4MMMM»HMMV.*hMMMMMMMH>«MMWMMMMMMMMHMMMMMMMMMM»-IMMMMMMMMMMM 

a a a a a o-  a.  a:  or.  a a:  a a ,*■*■  eta  a:  a a a a:  a a a & a a a et  a a a or  a a a a a a a*  a a:  a a a a a a:  a:  a a a:  a a a te  a 

lA(AtA(AlAlA(A(A(AtA(AlA(AtA(A(A(A  (A.IA  (AJA(AtA(A(AJAJAIA(AV>(AV>(AlA(A(AtAtAJACA(A(A(A(A(A«A(AV*tA*AlA(A(A(AtA(A(A 


M x 

a 


.5. 


M X • O 

no  * 

N »HZ 
X vO  li.  K) 

0 • * M 
O M V 

1 HU  S • 
«*  U.  U «K 
ru  fZXkj 

* II  ,<  o M 


U M • 

X (a 

< V) 


! ! 


o a„ 

< o 

a mv 

< XxC 
OM  • 


MWh 

• a o x,*; 


M W M 
X MU. 


> M 


OHS  M 

m xa  »x 

U.  M X U>  UJ 
KAO  *a 
o _ oo 
MX  MO 
U1M  U.  X 
V UJ  bj  **x 
ZXIUH 
O W X CA  X- 
www^ 
xo  U*  M 

M JX  » 
► O Ul  X UJ 

r z ft;  O • 

♦ H WN 

cot  X -H 

H M H W 

a a.  n » 

MrtSl  II 

“ »H< 


x or  ii 
(A  m M 
(AX 

5§S 

ni/iw 

*x  o 
(AMO 
ON 

SN.S^ 

SSf'? 

OtfC* 
UtfUlH 
M < _J  U. 
ClLUI  • 
O M H 
X OCM 
MM  X 

M a -j  M 

• u:  m 

* X XIA 


Max 

Max 

(if  h < 

5sa 


=css 


g«U: 


>m  o 
S uj  a 

M X O 
f*  «C  M 
O -J 

o*g 

*5t  o 
x •*  iu 

M(AO 

5*2 

oM* 

UJ  M M 


i I 


! ■ S 


N 

* 


i J 


O'  J-  O M O 

U.  N WH  • M X 
V X (AVOMUib 
Z * H)  X X M *M  O 
< M *NXOU.\£«*  UK  or 

OXsOMK  •*  »QCO  DO C X 

(A  O • X H O M M *»  - Of  < M 

O WBUlHIflO  |fv  U)  V M 
MXM  ► * *0  U.  ® M * » • (A  _J  J 

" - * — -*  •“  <o  x « — 


x 


-*  ks 
X X 
O UJ 

m o 
• v 

S3 

cc  o 
fit  M 


• X 


OJUWtUlZ  OUt0i<0Z<4 


t 

.♦ 


UJ 

* o 

X * 


• (A  X 
m m x a 
w • e 
\ *>  * • 
•5  O «*  X 
II  • • M 
X ~ ^ T 
« I HU 


M M 

££ 
Wlk 
0 * 
N N 


I I 


£ 

(A 


A i 


£! 


X — 


• D V N 
l*MA  X * 
X L<  * vf* 


a a 

u.  fc. 


-j  t 

U.  X o 

U,  V o * 

V N » B 

- «M<  4 

D o a M o 


» •XXX 

X o uj  u*  Ul 

-ohoSh 
X ts  **  V ♦ 


uj  n ii  x oh  lu  

D • X D X M M M X UJ  M M M O O 
OOhOW.UO^IftMHHHI'OO 
ujmou)  h •^cnoflfft'tMJxx 
& U.  M vD  K a M v XXXMMM 
u.  + xot  *xm(a  »u.  mxx 

a ueHOjf  >,»#*»  joo 
x o a a MU  3 Oh  o h n 

c*  M U»  M (A  (A  M • • • X X X 

N(AXIA  * X UJ  XOCOOniMft  _ 

— »-  M O H HO«UJhJU!U4/4  02lrt 
XtAXOaaTM  »U  t • • **»•**  »MO 
HO  t Z O UJ  sZ>  U,  uuuUhhoi/iuj  Z M U,  II  ** 

U.  U.  U?  « X X HOMO  *0  OOOM«MNHNMMHN0H 

oh  iiHirtunxo  d *>  %*^^rrxMMMrMx<iiM  . 

'-CAOMDO«M*‘3xXOHX  iXXKXXXU.ZMMXX»ZttX  xxx 

ummo'moushuhp  u.MU.u.u.oooaa.0.  nojopsmzuuu 

HOUIUU  X • * (A  m N UJ  iMHHHUUUUMOUOUPBMZIUOHO 
N NW  4 UM  f K « O'  * 

* * Wd#  K 


m a 

a« 

U.  UJ 

♦ • 


= 1 


► A i N 


w WN  M 
• MX  X X 
X » UJ  UJ  UJ 

•ounfioh 

X CO  M—  V + 


X • 

Ss^ 

» o 

X • 

o © 

tr  v 

A^K 


M X a*  O'  • X M 
« a NO  N D M < 
O O X (A  H (A  M • 
H J I O X N N O I N 


J-  X r 


N 

4* 


1 


m x m x ♦ r * • 

4CZ0N3C  m 
O C UJ  IA  N (A  M «- 

HJNOJHNOI  H _ 

♦ U.*HH*MrMMXN  ♦U.NO«v  XNMXWm^U.WX 

|»y.  OXMX^XXX*  MXXXNXX< 

UJZJOMDH  NZOkUODONDl  PZO  UJ  , 
HVU5Zlfll*OOHflHMOZMZZkQH  1 


J-  X J 
MOO 
, O (A  A 

m -j  a w 


N 


58 


, ^-j. 


AFAL-TR-75-183 


«TNC(Tc^Mn^tA<0Sl 


I 
I 

i 

*M-»tA»rN«ocr©Mcsi 


. - __*©C'e>MCSJfO.»in»DK«rO'©MMK. 

NMNWNWNNNK  vf\D  tO«i0«Ttf  NKN  ■ 

*4r<Hr*r<*<r<r<Wr4r4T4HT<«4fHW*4v4«^*4t-l<HHH*4T4HHT4*4*4r4H«4«4WH*4«4*<H«4*4*4«4HT4r)T4HT4«HHT4W*4, 


I 


I 


L t : ' 1 ! ■ ! ' 1 . ; ‘ - - . ; 

trtr<vitr>(AiAt/)iAt/itAV'iAtni/)tntAiAt/)iftiAt/ttnv>t/)i/it/'t/:i/)U)t/it/)i/)tr>irv7V'v>v't/)tAVit/)t/)tAiAV'.  intnv'tAV)i/iinv>vi<Ai/>t 

a a a c c a a a a a.  o a a a a a a.  a.  a a a c a a.  a a c.  ft  a ft  a'am  B.aaa  c a a a cl  a ft  ft  a' a a.  a'a  a a a a a a 

WHHHHHHHHMHHHHHMNHHHHMHMMHHHHHHHHMHHHHHMHHHHHHHHHHMHHHHHH 

ftaaactaaaft.ftiaaaao'attaaaaaftattec'ft-aa  a,  a, a a or  aaaa&aao'ttaaoiara&araa&CKaa: 

i . - J ! S s 


»)  * 

Id 

o 

X 


xi 

Obi 
CD  O 

* N 
X - 
Q X N 
©OH. 

* S 
M •#  O 

* r ►- 
» ui 

«-» o o i 

* • ID  » 
u.  X * 

* t - 

M *•  *>■ 
M Ol  | 

a x ui  : 


X 

a 

o 


« z * 

~ 2i 

m i r 

X a a 

CL  »M  ♦ 

U If*  ~ 

• *c  «C 

< • M 

* © UJ 

«<«-•©' 
X UN  U.  * 
ui  X * < 
to  3 m k 
i v.  MU 
^ ♦ a cd 

♦ r **■ « 

B3S» 


~ «-  tt 
© r - 
w < o 

O J « 

< a r 
x x M 

< X ** 
**  a n 
MO  X 


~ * 


•J  * 

< • 

UI 


«*  o 
o > < 

* X — 
X KM 
M * X 

< o a 

**  r*  O 
M ~ X ♦ 

zona 


_j 

-J 

• ' 

a 

X- 

* 

• 

*. 

a 

-j 

( M 

X 

X 

♦ 

♦ 

-J 

•4 

a 

5 

» 

. 

-j 

j K 

J 

a 

«C 

O 

* 

» 

-1 

tn 

a 

in 

*• » 

o 

— X O 

X 

© 

X o • 

i 

• 

O N M 

cr 

o 

V X H 

«•»  tn 

* * -J 

in  o 

* 

* «s»a 

m x 

M O' 

o l 

M 

W tfv 

x •> 

X , 

f • 

o 

- 1 X 

a 

o o#> 

in 

in  j UJ 

o 

* 1 © 

o 

in  x o 

o o ~ r 

s * * " 

N U.  *»  W 


* 

1 

* • ! 

xVr> 

X*  x 

< 

« < t — 

H»  “ **  ♦ 

(SI  M 

» in  m 

JO  + 

M 

© m I 

jnuu 

«C  x K 

X 

K X O S 

ax  * * m 

M 

o m in  o 

XH  J 

• 

X 

• * 

a x m « 

K O < 

a 

< K «t  « 

a ^ jjz 

o a 

►—  M O X 

♦ fsl 

k- 

a 

MM  , 

X 3 in  M 

4*  * 

» **Zft' 

! 

* x a or  v- 

k a 

a x * 

a © ** 

-j 

in 

cs  in  i m 

» -»  - 

o 

~ © a i 

O X *»  II  ||  • 

o a i in 

m k v 

« 

• 

o ♦ J- 

ais  »t 

« O M 

M 

M *4  * • 

»■*  t 

«-  • o o -J  -J  a* 

o N. 

o — -J  in 

o « 

X 

X 

• <■*  X 

M • M 

O 

H O C rl 

m a -j 

oo**  a*  ft  o 

MfiNCi  • 

o w 

N X O 

x o o 

*• 

a 

c 

c 

o ^ a 

X x © ** 

W m a 

o 

a o < ~ 

o » x 

«H  O 

O K*  W X 

1 o o 

~ X UJ 

-J 

VMS 

M i~t  • 

• U 4 » 

•• 

o 

x ac  m 

OWH*. 

• 

® a m n a < 

Kv<arsiinoMM 

• «■*  a ^ w n o 

• a 

O + «J  «J 

f -J  - i 

i. 

« 

X - 

-JUl  + 

« ♦ • 

O 

w «s  M C W 

» 

— O * 1 H N * Q M 

a x a *■*  • • • 

o c 

• a a o* 

O’  O -» 

M 

w M 

a m j r 

* M W *0 

tn  • a • in  © 

in  • o o cl 

o a a 

— J * s ooui 

• • us 

CO  • w 

in  *-  • N 

** 

r * 

h a* 

X ~ X ® 

or  «■ 

o x o © a o © 

• 

co*  • a o 

• w a 

CX  Q.  ONLIWZ 

OHlC 

o a • jx 

k x a — 

t* 

3 M 

M Ci 

< ct  o tn  3^»4  is> 

• 3Xo 

• LL<U>wU><0 

< © O M » 

< 4f  S » 

• HZ  *c  • « *JID  M 

• * ho;  j 

WJZI 

OHHCI/'  ZNMJ  •^SUM-rnUfOO'UUfJII  • X * H •oIlOO»  U.U.H&;  i o in  a a • H 
h j H |tro  i ii  **  a o « y ii  ^ \ ii  l i ii  - i i/ioh  jx  ohm  j o u s \ * 11  o n w 11  11  r o r a o • 
ii  r o n ® ii  o it  • o 11  m tn  k «c  x it  <c  n ii  it  a^^->joa»-ootnzoKoo-J 


SM 

< N O I M 
c*^KZ^r^a#ro^Kzir:i 


- r iixzxHxa^r  iicmo 


l d o m d ii  ii  tyu  ul-D  c^sihsz  u'r  aiiaronxao. 
hviuz^zzilSkh^czio  a\a*  y.aocooa.aatt'Mi  - 


II  a < X I KDH<ICPOII 


ii  a a o ii  ii  ^ x >*«*  in  in  — ■ in  a it  ii  ~ a 
iaL'NOjjii.u.L  m aoooaoo.jo.jauj 

>lflHN6'Q[HHHOHXDXHXNNONHa' 


*a  %t> 

W M 


59 


AFAL-TR-7,5-183 


knnkkk  Kreceeeceor  I 


! ' ' ! 

aa.ac.oa.actCLa.ao  a a.  a.  a a. 
a.'<XQ.aaa.a.aa:aaatta:a:a  a. 

: i : ' | 


N Of 

M O'  O 

a q •/> 

u.  v»  * 

- - * -* 

v e -» o 

w — O O-l 

♦ ON  -Jit 

UJ  LA  ♦ U.  UJ 

CJO  J U»  Of 

' • N N Of  ~ 

»♦  * ^ *»o 

I JN  -J  « 

* n - < r o 

« *-  O lli  M O' 

• N.  5 Of«t  N 


CJ  *-  O Ui  H O 5 i 

• N.  5 Of  «t  N \ ~ ' 

e>  o N * I x 1 

~v*  i n m -J  i I « , i 

X O «J  ~ ~ V j X ! 

*♦  J N N U.  u.  _J  H U.  H . U>«* 

Oft*  -ItN'IVNA  H «|L  ♦ I lu 

nrj  I SHHVM^HjwirtS 
o n h 2 « - o u.  in  u.  u.i  j u.  z r 
on  OHOfK  «ZU.So  •2MK 

k-  13  II  .J  k-  -J  J.H  « Z |l  ♦ U.  H h D 
M U.ZltUMZ**OU.-»V>X*-a. 
OOJajOW^JJJrUL  (I  It  Vt  O UJ  Z 

ONNSo^i  >-►  U.  zlnzup 


I 


AFAL-TR-75-183 


^(M4U'tCK0O'ov<M«)^iAvos«9'o^^n^^iCK«ff'e«4N  r>-*  utt0keiror4NKi^ir«£K«cre 


. : i : 1 1 ! I i i l .1  ! ; : : 

Cr  O P O'  o p,  tt  tt  tr  o a a ft  Cr  b o'  Of  C:  0 0 b a (7  O'  ft  B ft  b 6.  6 frBaO'Q.aa:1 

oooooooooaooaooaeooooooooooooaoo^aoooooooeooaoooa1 

lAMlA^.WlOWlAWMMWMM^MVlMWVlMWlAMMlAMMWlrtWMWlAlAWWWMMlfllAWlAWWWWlrt! 

oooooooooooooooooooaoooooooooyoooooooo o o ooooooooo' 


~ * x ~ 
- «*.  * < 
*40  0| 
X t • o 

±fi'4 

w O » w 

V • ~ N 

- w o 


NtfO  X 

a 

„ 

* 

X CJa«  ** 

N 

K1 

* V)  t4  » 

c 

*<♦***» 

o 

* 

M O O 

<r 

1 « K ♦ 

1 

s 

x x or  x 

o 

VI 

» • a *+ 

o 

H 

<•0  M * 

• 

»«  » ♦ < 

«D 

AD 

XNO  1 

1 

o 

a 

z> 

* *-’  ♦ « 

UJ 

• 

VI 

H • X O 

v» 

o 

H 

Ui 

«*»  1 

• 

- 1 

♦ 

M 

♦ - ox 

*4 

X X 

« 

U) 

*4  C * — 

t 

1 o 

D 

a 

o 

X VI  M » 

V- 

O X 

VI 

o c < 

a • a 

L'U  vf  S 


» O'  ~ 11 

z ♦ » o >« 

♦ O ~ • - 

X • — X o 

* U CJ  ~ *t 

X *-  VI  **  H 


• ♦ ui 

* U.  ^ X \ o 

- • N ~ a , j X, 
\lk  -*  V»  • * ^ O' 

< t-  < * I CD  « I KKD 

♦ O'  — ^ O » C3  I X X X3 

tJO  OU  I • O (•  » » » V) 

H *WOO  *H  • «»  e O N W »- 


o vi  v»ftf 

» M1V 
O X X «- 
♦ ♦ * O 
V)  VI  V)  O 
NNNJO. 
- w “<  I 


X | o • 
i ui  a*  x ■ 

O CD  • » I 

7 U7UJCUI  ; 

Ea  *.(/>£>  — *>  | 

V.  HWt)\P 

V.  O •>»  *'  • V)  *»  • I 

HfNOOUJUO  ( 


hhkl  <U*OOrH  « fg  ^ hsi  a 3 


ZC^^OOvk.OL1'-  I ♦ O'  — ^ OIRZXXMS  NNN  Jd.  I * Hp.nOOWOO  J i 

h S z « * HUh  pool)  I *o  «•*»**/)  •-****«  X 3lfl*  Cl  HHW  • n * ♦ ui  I i 

MK  S OMN^OOttN^  H *110  0 M » «»  O O M W V-  Hhkl  dd^OOrO.  * **  t (\JHN  0 3 I 
3U>  ♦S'sV-Vl*  C»  X VI  W + jacn-HN  « IXX»  NUfVft.'XSIW*  • ,5  IA  ►-  C.  II  I o M r * . 

OOXNlKa'  fCI/lSIOHO«U<lfl*  » wXMMKKo*  OOdOZiOZNOU  iLluH^OHV  ) 
ftlt,,HOOC0U*‘NN«lH»  N NUBC'I*  N H M N X »NIAIAMHlMOJ*HOOrUS'llllllHp 
QWO*>||  II  l/l-t-UK-I  O O ^ w M hZONnMIANH  M H H Cl  Q.  X — M PM  3 «C  tf  - 3Z  O Ot  O 
3 Z l/l  M HN  M NA'NIlU.MOIIHZIIIAZZIXKNniUlMNPIZNXIl.Z  II  O (A  hlO  ll.  M Z (A  (A  O U Z ■ 
(AHtfix)(o<o)(^MZoiLXi('ce>&i:>0(KXNNi;9CK£3fikHCNOut;wHu£uuuvw| 

isir|  i si  I i ! ! i & I i i j is!-|.  ‘5 . sF  i 


61 


AFAL-TR-75-183 


3.  THE  LISTING  PROGRAM 

The  "listing"  program  will  read  the  magnetic  tape  containing  the 
flat-panel  program  outputs,  and  print  out  the  electrical  parameters 
required  for  each  array  element,  the  program  list  consists  of  the 
following  for  a given  antenna  array  row  or  column: 

(I,J)  - array  row  and  column  numbers,  respectively 
— - incidence  angle  in  degrees 

RTE  - reflection  loss  in  dB  for  vertical  polarization  (power) 

ANGLE  - electrical  angle  after  reflection 

TTT  - transmission'  loss  for  vertical  polarization  in  dB  (power) 
Angle  - insertion  phase  delay  (Deg) 

RTM  - reflection  loss  for  horizontal  polarization  dB  (power) 

ANGLE  - phase  angle  in  electrical  degrees  after  reflection 
TTM  - insertion  loss  for  horizontal  polarization  in  dB  (power) 
ANGLE  - insertion  phase  delay  in  electrical  degrees  for 
horizontal  polarization 

a.  WAVES2  INPUTS 

The  required  data  cards  are: 

1.  Input  magnetic  tape  from  flat-panel  program 

2.  One  data  card,  on  which  will  be  entered: 

In  column  5:  1 = row  output 

2 = column  output 

and  in  columns  9 and  10:  array  row  or  column  desired 


Final  printout  of  the  array  element  modification  parameters  follows. 
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SECTION  VII 

RECOMMENDATIONS  FOR  FURTHER  REFINING  THE  PROGRAM 

The  following  are  suggested  as  subsequent  tasks: 

1.  Verify  the  radome;  analysis  program  by  using  detailed  design 
and  measured  data  on  an  existing  radome. 

2.  Obtain  a suitable  antenna  simulation  program  and  interface  it 
with  the  radome  program.  Use  the  radome  antf  antenna  simula- 
tion programs  to  estimate  the  distortion  pf  the  antenna  pat- 
tern 'due  to  the  radome  interference. 

3.  Verify  the  results  from  (2)  above  using  measured  data. 

'.i  4;  Perfect  t^e  radome  simulation  program  with  regard  to  core 

storage  requirements  and  central  processor  time. 

5.  Document  the  radome/antenna  simulation  program  as  obtained 
. using  the  forgoing  steps. 
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